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The present invention relates to monolith catalyst supports for selective gas phase 
exothermic and endothermic reactions carried out in fixed bed tubular reactors. 

In particular the present invention refers to metallic monolith catalyst supports 
showing improved selectivity, increased lifetime of the catalyst combined with very low 
pressure drop along the reactor. 

It is well known that gas phase exothermic catalytic reactions present a number of 
difficulties when performed in large reactors on an industrial scale. The main problem is how 
to dissipate the heal released as the reagents are converted into products. 

In the prior art h is known that fluid bed reactors have been developed m order to 
overcome that problem. However they have serious drawbacks like difficult scale up from the 
pilot stage to an industrial reactor, catalyst losses due to cany over from the reactors, low 
selectivity due to the back mixing regime of the fluid bed. Moreover sometimes h is not 
possible to have the catalyst suitable for a specific reaction in the powder form and with such 
mechanical properties appropriate for a fluid bed reactor. 

It is also known from the prior art how to cany out exothermic reactions in fixed bed 
reactors packed with catalysts in pellet form. However hot spots are present in the catalytic 
bed, as it is difficult to remove the reaction heat. The hot spot leads to catalyst deactivation 
and to a decrease in the selectivity. As a further disadvantage of the packed bed reactor, the 
pressure drop is typically very large across the length of the reactor. In an industrial plant such 
a pressure drop requires that the reacting gases should be compressed to high pressure. This 
involves a high energy consumpdoa Further, the unreacted recycled gases have to be com- 
pressed before they are used in the reactor. 

The prior art does not teach how to carry out an exothermic reaction in a fixed bed 
reactor operated in a nearly isothermal mode without using a fluid bed reactor and achieving 
high selectivity and very low pressure drop. In the industrial practice in order to reduce the hot 
spot temperatures with the pellet catalyst beds a series of complicated measures are adopted, 
including narrow tubes, distributed feeds along the reactor, multiple reactors, and multiple 
layers of catalysts with different activities and different levels of inert dilutions. AH of these 
measures result in more expensive industrial plants and complex process operations; in any 
case the hot spot temperatures remain high 

Operation of endothermic reactions in packed-bed tubular catalytic reactors also 
involves difficulties associated with the efficient and uniform transport of the heat of reaction 
from the reactor tube walls to the catatytically active material, resulting in the formation of 
cold spots. 

In order to overcome the above disadvantages, USP 5,099,085 describes the use of 
honeycomb monolithic catalyst supports (instead of conventional pellets) for exothermic 
selective chlorinarion and/or oxychlorination reactions in multitubular reactors with a fixed- 
bed arrangement of the catalyst. The materials used for preparing the monolith support are 
activated alumina, aluminium silicate, silica gel, titanium oxide, silicon carbide or mixtures of 
said materials, or sintered ceramics such as a-AhQ^ Mullhe and cordierite are preferred. With 
the ceramic monolith supports described in this patent and with the related process 
engineering measures it is possible to reduce the pressure drop, to suppress as far as possible 
the formation of hot spots and to increase the selectivity in the target products. The ceramic 
monolith supports have a length from a few centimeters up to about 20 cm and the cross- 
sectional size, corresponding to the diameter of the reactor tubes, is usually smaller than 20-50 
mm. The individual catalyst modules (monoliths) are spaced from each other by glass spheres, 
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having a diameter of 3-6 mm. From the industrial point of view the spherical packing for 
spacing makes difficult and complicated the loading of the reactor tubes with the monoliths. In 
addition, the short monolith length makes even more difficult the loading operation. A further 
disadvantage of the process of said patent resides in the fact that the hot spot is reduced in 
respect to the traditional fixed bed catalyst, but it is still too high. In order to obtain this 
reduced hot spot the reacting gases have to be introduced at different points of the reactor 
(see Fig. 1 of said patent) therefore creating a muJtireactor system in order to get a better 
thermal control. Experiments carried out by the Applicant by using the monoliths according to 
said US patent in a single reactor and feeding the reactants at one point, i.e. using a single 
reactor, have shown that the hot spot is too high and the selectivity too low for an industrial 
application (see comparative example). 

The Applicant has unexpectedly and surprisingly found a method for solving the above 
technical problem in fixed bed reactors by using the monolith catalyst supports for selective 
gas-phase exothermic reactions in tubular reactors as defined herein below. 

It is an object of die present invention a metallic monoKth catalyst support comprising 
channels for selective gas phase exothermic reactions in a tubular fixed bed reactor, wherein 
the catalytic active phase is deposited on the walls of the channels of the monoKth, optionally 
on an intermediate layer acting as a carrier. 

It has been found by the Applicant that the metallic monolith is at the same turn the 
support of the catalytic active phase and the medium for removing efficiently the heat of 
reaction and substantially avoiding the hot spot of the fixed bed reactors. 

The monolith is provided with channels that are substantially parallel to the longi- 
tudinal axis of the monolith and of the reactor. 

The perpendicular cross section of the channels, hereinafter designed as cell, is 
delimitated by a closed line, represented by the centerline in the cross section of the 
channel walls. 

Every regular or irregular shape of the cell perimeter can be used if necessary, 
being the preferred ones square, triangular, hexagonal and circular, since they are easy to 
be manufactured. The cell density, i.e. the number of cells per unit cross sectional area of 
the monolith, is at least 3 cells/cm 2 , preferably between 8 and 100 cells/cm 3 , in order to 
assure a sufficient geometric surface of the monolith walls. The size of the cells, defined 
by means of the hydraulic diameter, i.e. four times the ratio of the cross sectional area to 
the perimeter of the cell, is generally smaller than 5 mm, preferably between 1 and 3 mm. 
This reduced size represents an advantage since it is possible to put more cells in the 
monolith per unit of cross sectional area. Even if the cells can be different from each other 
in size, a uniform size is preferred since this makes the monolith easier to be 
manufactured. 

The volume fraction of the metallic support is smaller than 0.9, preferably 
comprised between 0.1S and 0.6. Tins reduced fraction of metallic support represents an 
advantage since h allows to maintain high monolith void fractions, thus further reducing 
pressure drops. Besides, a reduced volume fraction of support allows an important saving 
f expensive support material and a reduction of the reactor weight 

The geometric surface area per unit volume of the monolith must be at least 6 

cm 2 /cm\ preferably at least 10 cm 2 /cm 3 . In this way the productivity of the reactor an be 

increased. For productivity it is meant the amount of the desired product(s) per unit time 
and per unit volume of the reactor. In addition the requested overall catalyst invent ry is 
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achieved through a lower thickness of the catalyst layer to be deposited on the metal 
monolith surface with respect to the ceramic monolith. This represents an advantage since 
the thinner is the catalytic layer, the stronger is the adhesion, and therefore its stability in 
the reactor is improved. 

The Applicant has found that preferably it is sufficient to fix one of the above 
properties in the range indicated, i.e. the values of the cell density, or of the size of the 
cells, or of the thickness of the channel walls, or of the surface area per unit volume of 
the monolith, in order to obtain the best results of the invention. More preferably two of 
the above four properties are fixed, still more preferably three of them, even still more 
preferably all four of them. 

The length of the monolith, as it has been found, is not particularly limited: th 
preferred length is usually chosen on the basis of the cost or easiness of production. 
Generally it is comprised between 5 cm and the total length of the reactor tubes, 
preferably it is in the range 30 cm -lm. 

The metallic structure formed by the channel walls of the monoliths is continuous in 
order to ensure substantial elimination of hot spots in exothermic reactions and of cold spots 
in endothermic ones. The monolith is in contact with the fixed bed reactor tube walls in such a 
way to provide sufficient heat removal. 

It has been found by the Applicant that the substantial elimination of hot or cold spots 
can be obtained by preparing the monoliths fay every known technique such as extrusion of 
metals or metallic powders, folding and /or stacking metallic foils or sheets, provided that the 
above continuity is assured. The techniques for preparation of metallic monoliths are well 
known. See for example X. Xu and J. A. Moufijjn in "Structured Catalysts and. Reactors 7 *, (A. 
Cybulski and J. A. Moulijn Ed&X M. Dekker, New York, 1998. The metals suitable for 
making the monolith are not particularly limited. We can quote as preferred copper, 
aluminum, nickel or their alloys, or alloys in general, such as Fecralloy®. 

The catalytic material can be deposited on die surface of the monolith by every known 
technique. As far as the deposition is concerned, the monolith surface is usually covered by an 
intermediate layer of material that can make easier the deposition of catalyticaUy active 
components and, if necessary, can avoid the contact between the monolith material and the 
reaction environment. The material of the intermediate layer can be made by every compound 
suitable for the reaction to be carried out. The most common compounds are aluminum 
hydroxides, aluminum oxide-hydroxides, alumina, silica, zarconia, thania > magnesia* pumice, 
diatomaceous earth, zeolites or their mixtures, or mixed compounds. 

It can be mentioned as an example the so called wasbcoating technique consisting in 
the deposition of a layer of intermediate material, often with high specific surface area, onto 
the surface of the monolith. Washcoating is usually performed bringing the monolith into 
contact with a slurry of fine powder, or with a solution containing the desired compound with 
optional subsequent precipitation, or with a sol of the desired material followed by gelation. 
Alternatively the intermediate layer can be obtained by a number of other methods such as 
th»mal Coating, Electroplating, &n0&2afi&ni chemical or physical vapour deposition, dipping 
in molten materials. For the washcoating techniques see e.g. Blinker et al., "SoW3ei Science. 
The physics and chemistry of sol-gel processing", Academic Press, Boston, 1990; M. F. M. 
Zwinkete, S. G. Jaras, P. Govind Menon in "Preparation of Catalysts VI", (G. Poncclet et al. 
Bds X Elsevier, Amsterdam, 1995; P. Govind Menon, M. F. M Zwinkels ct al.. Kinetics and 
Catalysis, 39. 670 (1 998). 
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The caialytically active components can be incorporated into the intermediate layer 
during the washcoatmg step or after the washcoat has been deposited, using any well known 
technique, such as dipping, chemical vapour deposition or in situ synthesis, in some cases the 
catalyticatty active components can be deposed directly onto the monolith walls, avoiding the 
intermediate washcoadng step. 

The reactor tubes are loaded by pushing the monoliths sequentially one after the other 
into the tubes. Usually the channels of each monolith are aligned in order to minimize the 
pressure drop across the tube. 

The advantage of using metallic monoliths as catalyst supports for exothermic 
reactions are: 

to have a flat temperature profile along the tube, substantially avoiding hot spots and 
performing the reaction at the proper selected temperature; in such a way it is possible 
to prevent or to slow down the catalyst deactivation and to increase the selectivity of 
the reaction; 

to adopt reactor tubes with larger diameter and so to reduce dramatically the number 
of tubes for the same capacity, hence allowing to decrease the cost of the plant. The 
diameter of the conventional reactor tube is about 25-30 mm; with the monolith of the 
invention the diameter can reach 80 mm or even higher, preferably SO-SO nun. On the 
contrary in the prior art, in order to minimize the hot spot, tubular fixed bed reactors 
are made up of tubes with narrow diameters. This is a disadvantage for the industrial 
capacity, since reactors with a large number of tubes are required; 
to achieve very low pressure drop across the tube: this pressure drop is often over one 
order of magnitude less than the pressure drop in conventional packed bed tubular 
reactors; this lower pressure drop could be exploited in processes where it is necessary 
to recycle back unreacted products; in this case instead of using a compressor, a 
blower may be used with significant energy saving; 

to carry out the exothermic reaction in one single reactor without splitting the inlet 
reactants along the reactor tube; this avoids the multiple feed inlets of the prior art, as 
said above; 

to use higher coolant temperatures in externally cooled tubular reactors for 
exothermic reactions while maintaining still acceptable hot spot temperatures in 
the catalytic bed: accordingly, the overall catalytic activity of the bed is enhanced 
and therefore the required amount of catalyst load can be reduced; 
to achieve nearly isothermal conditions in fixed-bed reactors such as those 
obtained in fluid bed reactors, without difficulties associated with scale up from the 
pflOt 5tfl£8 tO OH iRihifitP&l reactor, catalyst losses due to carry over from the reactors, 
low selectivity due to the hack mixing regime of the fluid bed. 

The exothermic reactions in which the monofith of the invention can be applied arc not 
particularly limited. Preferably it is used for selective chlorination and/or oxychlorination of 
alkenes, e.g. ethylene, or alkanes e.g. methane and ethane; selective oxidation of alkencs, e.g. 
ethylene and propylene. For example it can be mentioned the conversion of ethylene with 
chlorine to 1 ,2-dichloroethanc, the conversion of ethylene with hydrogen chloride and air or 
oxygen to give 1 ^-dichloroethane, the reaction of methane with chlorine^ etc. 

The catalyst for the oxychlorination reaction of ethylene contains preferably copper, 
preferably in an amount of 1-12 wr% of the intermediate layer. Preferably the cataryticafly 
active material also comprises at least one of alkali metals* alkaline earth metals, group ITB 
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metals and lanthanides in a total amount up to 10 wt% of the intermediate layer. Preferably the 
alkali metals arc lithium or potassium* the alkaline earth is magnesium and the lanthanide are 
lanthanum or cerium and each of them is present in the intermediate layer in an amount up to 6 
wt %. 

The catalytically active material for selective oxidation of alkenes contains for 
example silver. The catalytically active material may preferably also comprise at least one 
of alkali metals, alkaline earth metals, group TIB metals and lanthanides in a total amount 
preferably up to 5 wt% on the intermediate layer. Preferably the alkali metal is caesium, 
the alkaline earth is barium. 

The catalyst for the oxychlorination of alkenes contains in the intermediate layer for 
example copper and an alkali metal in the atomic ratio 2:8. The alkaly metal arc preferably 
potassium or lithium. The catalytically active material may preferably also comprise at least 
one of alkaline earth metals, group IIB metals and lanthanides. Preferably the alkaline 
earth is magnesium and the lanthanide are lanthanum or cerium. 

For the selective chlorination of alkenes and alkanes, the well known active 
components of the catalysts are used, for example alkali metals, alkaline earth metals, 
group IIB metals and lanthanides in a total amount preferably up to 30 wt% on the 
intermediate layer. 

The carriers for the above active components of the catalysts of the above reactions 
are preferably aluminum hydroxides, aluminum oxide-hydroxides, alumina, silica, zirconia, 
tharria, magnesia, pumice, diatomaceous earth zeolites or their mixtures or mixed compounds. 

In addition to the exothermic reactions, the metallic monolithic support can be used 
also for endothermic reactions in order to maintain the correct temperature substantially 
constant along the reactor tubes. 

The following examples refer to the oxychlorination reaction of ethylene to 1,2- 
diochloroethane. taken as representative of selective gas phase exothermic reactions. Such 
examples are given for illustrative purposes ami do not limit the scope of the invention. 

EXAMPLES 

The accompanying drawings have the purpose to illustrate the invention. 

Figure 1 is a perspective, schematic illustration, not to scale, of a catalytic monolith 
according to the invention used in the examples. 

With reference to Figure 1, four sets of monolith catalysts were prepared, with 
supports made of different metals or alloys: Fecralloy® , nickel, aluminum and copper. 

Each monolith had a cylindrical shape with parallel channels of square cross section 
(see Fig. 1). The length (I) of each monolith was SO cm, its external diameter (d) was the same 
as the internal diameter of the reactor tubes used for catalytic activity testing, as described 
later on. The side of the square cells (s) was 3. 1 mm, the wall thickness (t) was 0.43 mm. 

A first layer of washcoating (carrier) was deposed by dipping into an aqueous slurry of 
commercial boherrrite (supplied by Condea). After removal of excess liquid by blowing whh 
air, the monolith was slowly dried under mild conditions. A layer of «r alumina having a surface 
area of 190 m /g was applied as a washcoat onto the monolith walls, using the same 
procedure above reported, followed by flash drying at 280 °C. The concentration of the slurry 
and the withdrawal speed were adjusted in order to obtain a total layer thickness (w) of 
respectively 65 ^im for the use in the tube 9 m long and 85 \ixn for the use in the tube 6.5 m 
1 ng. 
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After calcination at increasing temperature up to 550 °C, the washcoai was 
impregnated by dipping with an aqueous solution of the active components, i.e. copper 
chloride and potassium chloride, with a concentration suitable to obtain the desired 
concentration of the active components in the washcoat; 8% wt Cu and 0.8 % wt K. Finally 
the impregnated monoliths were dried at 150°C for 4 hours. The vend fraction of the so 
obtained catalytic bed was 0.7. 

For comparative purposes a set of ceramic (cordierite) monoliths was also prepared. 
The ceramic monoliths had cylindrical shape with parallel channels having square cross 
section. The length of each monolith was 20 cm, its external diameter was the same as the 
internal diameter of the reactor tubes used for catalytic activity testing, as described later on. 
The internal side of the square ceQs was 0.5 mm, the wall thickness 0.9 mm Although it is 
well known that ceramic monoliths with thinner walls can be obtained, the choice of the above 
parameters was determined by the necessity to keep the hot spot temperature as low as 
possible. In spite of that, during the activity tests it was necessary also to reduce the coolant 
temperature in order to moderate the hot spot temperature. Attempts to use monoliths with 
characteristics more similar to those of the metallic ones failed since they gave rise t 
unacceptable hot spot t empera tures. On the other hand the above mentioned choice of 
parameters resulted in monoliths with low geometric surface area per unit volume, so it was 
necessary to increase the thickness of the washcoat layer in order to achieve a total quantity of 
active components per unit volume of the reactor sufficient to ensure the desired conversion 
values. The thickness of the washcoat layer, obtained by repeated impregnations, was 100 pin 
instead of 65 pm, with the same concentration of copper and potassium chlorides as the 
metallic monoliths. Due to the larger walls and washcoat thickness of the ceramic monoliths, 
the void fraction of the so obtained catalytic bed was 0.1. 

The choice of the method used for catalytic activity testing is very important because 
the differences in terms of conversion and selectivity exhibited by different catalysts are usually 
small, but of a great importance on an industrial scale. In order to obtain results which could 
be truly representative of the industrial reactor, a test was performed by using a tube with the 
same size of an industrial one and the same conditions (t emp er at ure, pressure, feed 
composition, feed flow rate) were adopted as those used in the industrial reactor. Under this 
point of view a pan of the data reported below, concerning Fecralloy®, nickel, aluminum and 
copper based monoliths, were obtained in the pilot plant by using a tube having the same size 
as a typical industrial reactor, ie. an inner diameter of 27.2 mm and a length of 9 m. 

However, the peculiar properties of the object of the present invention allows the use 
of this catalyst also in tubes having a size as large as to be unsuitable for industrial reactors 
operating with conventional packed beds of catalyst pellets In order to point out other uses of 
the object of the present invention, the results obtained in very large tubes (low cost reactor), 
are shown later. The large tube chosen for the example had 56.0 mm internal diameter and a 
length of 9 m. 

A further advantage of the object of the present invention is that a very high 
conversion is obtained even in reactors equipped with tubes shorter than the conventional 
ones, simply by increasing the washcoat layer thickness. To demonstrate this, a few test runs 
were performed in a large tube (56.0 mm internal diameter) with a length of 6.5 m instead of 9 

m. 

TTie apparatus used for the activity tests is schematically shown in Figure 2: it is a flow 
diagram illustrating the plot plant for the catalytic oxychlorination of ethylene to 1,2- 
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dichloroethanc, which is used in the examples as representative of an exothermic reaction. The 
pilot reactor consisted of a single tube, which was loaded with the monolith catalyst samples 
bef re each test run. The reactors used were: two nickel tubes 9 m long with int e rn al 
diameters of 27.2 mm (standard) or S6.0 mm (enlarged), and a nickel tube 6.5 m long with 
internal diameter of 56.0 mm. An external jacket with circulating boiling water was used to 
regulate the temperature profile. The reactor was equipped with one thermoweTl inserted into 
the central channel of the monoliths. A sliding thermocouple was used to record the 
temperature profile at different tube heights during the test. Two on-line gaschromatographs 
were used at the inlet and at the outlet of the reactor to control the reaction. The EDC (1,2- 
dichloroethane) was collected in a vessel containing isopropyj alcohol at about 0°C and 
analyzed. This technique allows the collection also of the low boiling and water soluble 
compounds (chloroethanoU chloral, etc.) as wd] as the unreacted HC1. The reactor feed was: 
5200 dm* STP / hour of ethylene, 600 dm 3 STP / hour of oxygen, 2300 dm 3 STP / hour of 
HO, 1000 dm 3 STP / hour of nitrogen. STP means standard temperature and pressure 
conditions, i.e. T=0 °C and P - 1 Ata. 

The oxygen was 6.5 vol % (the flamrnabiTrty timh at 210 °C and 7 Ata is about 8%). 
The inlet pressure of the reactor was 7 Ata, the inlet temperature was 150 °C and the 
temperature of the coolant was 240 °C in the case of metallic monoliths and 2 1 5 °C m the case 
of the ceramic monolith. 

The results of the tests are reported in Table 1 . The temperature profiles obtained in 
the most significant experiments are reported in Figures 3-6. 

Figure 3 represents the temperature profiles obtained in test runs performed in the 
reactor having diameter 27.2 mm and length - 9m with catalysts supported, respectively, 
on Fecralloy®, nickel, aluminum and copper monoliths. 

Figure 4 represents the temperature profile obtained in a test run performed in the 
reactor having diameter ** 27.2 mm and length = 9 m with catalyst supported on cordierite 
monolith (comparative example). 

Figure 5 represents the temperature profiles obtained in test runs performed in the 
reactor having diameter — 56.0 mm and length = 9m with catalysts supported, respectively, 
on aluminum and copper monoliths. 

Figure 6 represents the temperature profiles obtained in rest runs performed in the 
reactor having diameter =* 56,0 mm and length =» 6.5 m with catalysts supported, respectively, 
on aluminum and copper monoliths. 

Under the adopted reaction conditions the O2 and HCI conv e rs i on s were always equal 
to or greater than 93.5 % and 99 %. respectively. The selectivity to 1 ,2-dichloroethane, 
obtained with metallic monoliths, was always greater than 98.5% by moles, in some cases 
even greater than 99.5% by moles. The selectivity to ethyl chloride, chlorinated by-products 
and to CO* (x being an integer equal to 1 or 2), was always low, depending substantially on 
the hot spot temperature: the lower is the temperature, the lower is the formation of undesired 
by-products. On the contrary, the use of catalysts supported on ceramic monoliths did not 
allow to reach a selectivity to 1 ,2-dichloroethane higher than 97% by moles, because of the 
greater chlorinated by-products and COw formation. The difference in yield of 1.5-2% by 
moles in the target products is very meaningful in industrial applications. The above results 
point out that the best comparison among the performances of different catalysts can be made 
by using the values of hot spot temperatures: the smaller is the difference between this value 
and the value of the coolant temperature, the better is the catalyst. From the reported results 
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(see Table 1 and Figures 3 and 4) it is evident that all the catalysts based on metallic monoliths 
give better results than the catalyst supported on the ceramic one: the hot spot temperatures 
were lower than 270 °C m the present invention and higher than 350 °C in the comparison. 
The use of ceramic monoliths as a support gives place to hot spot temperatures too high t 
allow their use in an industrial reactor. On the contrary all the catalysts based on metallic 
monoliths give very flat t emp er atu re profiles in the standard industrial tubes (272 mm 
diameter). The difference with the coolant temperature is in the range from 2°C to 17 °C. 
Among them, the best results were obtained using nickel, aluminum and copper monoliths. 

further it is well known to the skilled in the art that the lower the hot spot 
temperature, the longer the catalyst lifetime. Therefore the metallic monolith catalysts of the 
present invention show an improved lifetime with respect to the prior ait catalysts. 

On the basis of these results aluminum and copper based monoliths were loaded in 
tubes much larger then the standard ones (56 ram diameter). The obtained hot spot 
temperature was only a hit higher than that observed in smaller tubes and the difference with 
the coolant temperature was 18 °C in the case of aluminum and only 7 °C in the case of 
copper (Figure 5). 

The increase of washcoat layer thickness allowed the use of a shorter tube (6.S m), 
owing to the increase of active components concentration per unit length of the tube. Tn spite 
of the increased reactivity, and thus of an increased heat production per unit length of the tube, 
the hot spot temperatures were only a bit higher than those observed in the longer tube with 
the same diameter the difference was of 11 °C and, respectively, of 4 °C using aluminum and 
copper based monoliths (Figure 6). 

The above results prove the feasibility of adopting larger reactor tubes for industrial 
applications. It is well known to the skilled in the ait that the use of such large reactor tubes 
loaded with conventional catalysts in pellets is not feasible because of very high hot spot 
temperatures, with the disadvantages indicated above. In order to reduce the hot spots with 
the conventional catalysts in pellets it is necessary to drastically reduce the productivity. This 
brings to uneconomical industrial results. 

The pressure drop, under the same productivity, in the examples of the invention was 
always very low, i.e. far below 0,05 atm. In the comparative example using the ceramic 
monolith the pressure drop was significantly greater, although still below 0.1 atm. With 
respect to the pellet catalyst the pressure drop with the monolith of the present invention is 
drastically reduced, being lower by about two orders of magnitude. 
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CLAIMS 

1 . A metallic monolith catalyst support comprising channels for selective gas phase exo- 
thermic reactions m a tubular fixed bed reactor, wherein the catalytically active phase 
is deposited on the walls of the channels of the monolith, optionally on an intermediate 
layer acting as a carrier. 

2. The monolith according to claim 1 wherein the channels are substantially parallel to 
the longitudinal axis of the monolith and of the reactor. 

3. The monolith according to claims 1 and 2 wherein the perpendicular cross section of 
the channels, designed as cell, is delimited by a closed fine represented by the 
centerline in the cross section of the channel walls. 

4. The monolith according to claims 1-3 wherein the shape of the cell perimeter is 
regular or irregular. 

5. The monolith according to claim 4, wherein the shape is square, triangular, 
hexagonal and circular. 

6. The monolith according to claims 1-5, wherein the cell density, i.e. the average 
number of cells per unit cross sectional area of the monolith, is at least 3 

cells/cm 2 , preferably between 8 and 100 odlafcm 2 

7. The monolith according to claims 1-5 wherein the size of the cdls/ defined by 
means of the hydraulic diameter, i.e. four times the ratio between the cross 
sectional area and the perimeter of the cell, is lower than 5 mm, preferably 
between 1 and 3 mm. 

8. The monolith according to claims 1-5 wherein the volume fraction of the metallic 
support is smaller than 0.9. preferably comprised between 0. 1 5 and 0.6. 

9. The monolith according to claims 1 -5 wherein the surface area per unit volume of 
the monolith is at least 6 cmVcm 3 , preferably at least 10 on /cm . 

10. The monolith according to claims 1-5, wherein the cell density is that of claim 6 
and the size of the cells is that of claim 7. 

11. The monolith according to claims 1-5, wherein the cell density is that of claim 6 
and the volume fraction of the metallic support is that of claim 8. 

12. The monolith according to claims 1-5, wherein the cell density is that of claim 6 
and the surface area per unit volume of the monolith is that of claim 9 

13. The monolith according to claims 1 -5, wherein the size of the cells is that of claim 
7 and the volume fraction of the metallic support is that of claim 8. 

14. The monolith according to claims 1-5, wherein the size of the cells is that of claim 
7 and the surface area per unit volume of the monolith is that of claim 9. 

1 5. The monolith according to claims 1-5, wherein the volume fraction of the metallic 
support is that of claim 8 and the surface area per unit volume of the monolith is 
that of claim 9. 

1 6. The monolith according to claims 1-5, wherein the cell density is that of claim 6, 
the size of the cells is that of claim 7 and the volume fraction of the metallic 
support is that of claim 8; 

or wherein the cell density is that of claim 6, the size of the cells is that of claim 7 
and the surface area per unit volume of the monolith is that of claim 9; 



i 



11 



or wherein the size of the cells is that of claim 7 and the volume fraction of the 
metallic support is that of claim 8 and the surface area per unit volume of the 
monolith is that of claim 9. 

1 7. The monolith according to claims 1-5, wherein the cell density is that of claim 6, 
the size of the cells is that of claim 7 and the volume fraction of the metallic 
support is that of claim 8 and the surface area per unit volume of the monolith is 
that of claim 9. 

18. The monolith according to claims 1-17, wherein the length of the monolith is 
comprised between 5 cm and the total length of the reactor tubes is preferably in 
the range 30 cm - 1 m. 

19. The monolith of claims 1-18, wherein the metallic structure formed by the channel 
walls of the monoliths is continuous and the monolith is in contact with the 
reactor tube walls in such a way to provide sufficient heat removal. 

20. The monolith of claims 1-19, made of metals chosen in the group of copper, 
aluminum, nickel or their alloys, or alloys such as Fecralloy® . 

2 1 . The monolith of claims 1 -20, wherein the surface of the monolith is covered by an 
intermediate layeracting as carrier for catalytically active compounds. 

22. The monolith of claim 21, wherein the intermediate layer is made of material 
selected from aluminum hydroxides, aluminum oxide-hydroxide, alumina, silica, 
zirconia, titania, magnesia, pumice, diatomaceous earth, zeolites or their mixtures, 
or mixed compounds. 

23. Process for making the monolith according to claims 1-22 by extrusion of metals 
or metallic powders, folding and/or stacking metallic foils or sheets. 

24. Process for making the monolith according to claims 1-23, wherein the catalytic 
material and/or the intermediate layer are deposited on the surface of the monolith 
by a washcoating technique. 

2$. Use of the monolith according to claims 1-24 for selective gas-phase exothermic 
reactions. 

26. Use of the monolith according to claim 25, wherein the gas phase exothermic 
reactions are the selective chlorination and/or oxychlorination of alkenes or 
alkanes and the selective oxidation of alkenes. 

27. Use of the monolith according to claim 26, wherein the reactions are selected 
from the conversion of ethylene with chlorine to 1,2-dichloroethane, the 
conversion of ethylene with hydrogen chloride with air or oxygen to give 1,2- 
dichloroethane, the conversion of ethane with hydrogen chloride with air or 
oxygen to give saturated and unsaturated chlorinated hydrocarbons, preferably 
1 ,2-dichloroetahne and vinyl chloride, and the reaction of methane with chlorine. 

28. Use of the monolith according to claims 26-27, wherein the catalyst for the 
oxychlorination reaction of ethylene contains copper in an amount of 1-12 wt% of 
the intermediate layer. 

29. Use of the monolith according to claim 28, wherein the catalyst for the 
oxychlorination reaction of ethylene also comprises at least one of the alkali 
metals, alkaline earth metals, group IIB metals and lanthanides in a total amount 
up to 6 wt% of the intermediate layer. 
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30. Use of the monolith according to claims 26-27, wherein the catalyst for the 
oxychlorination reaction of ethane contains in the intermediate layer copper and an 
alkali metal in the atomic ratio 2:8. 

31. Use of the monolith according to claim 30, wherein the catalyst for the 
oxychlorination reaction of ethane also comprises at least one of the alkaline earth 
metals, group 1TB metals and lanthanides. 

32. Use of the monolith according to claim 26, wherein the catalyst for the selective 
oxidation reaction of ethylene comprises at least silver, and ai least one of the 
alkali and alkaline earth metals. 

33. Use of the monolith according to claims 1-24 for selective gas-phase endothermic 
reactions. 
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